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The embryo sac development of 53 collections of Themeda triandra Forssk. was studied. All the diploids and 
two of the tetraploids had sexual embryo sacs of the Polygonunrtype, whereas the remaining polyploids 
possess 4-nucleate aposporic embryo sacs. Some of the collections are facultative apomicts, while others (in 
particular the penta- and hexaploids) are essentially obligate apomicts. Interesting variations in the type of 
apospory was encountered in the different apomicts. This variation might be due to environmental influences. 
On the whole it would appear from the results that Themeda triandra is a young and therefore still actively 
developing agamic complex in southern Africa. 
Versamelings (53) van Themeda triandra Forssk. is ondersoek ten opsigte van hul kiemsak-ontwikkeling. Die 
diplO"iede sowel as twee van die tetrapio"iede het geslagtelike Polygonunrtipe kiemsak-ontwikkeling vertoon. 
Die oorblywende polipio"iede het 'n 4-kernige aposporiese kiemsak-ontwikkeling. Beide fakultatiewe sowel as 
oorwegend verpligte apomikte kom voor onder die verskillende versamelings. Verpligte apomiksie is veral 
volop onder die penta- en heksaplo·iede. Interessante variasie ten opsigte van die tipe aposorie wat voorkom, is 
verkry. Hierdie variasie mag egter slegs as gevolg van omgewings-effekte wees. Oor die algemeen dui die 
resultate daarop dat T. triandra nog 'n jong en gevolglik aktief-ontwikkellende agamiese kompleks in Suider-
Afrika is. 
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Introduction 
In a previous article (Liebenberg 1986) the present author 
reported on the chromosome numbers and microsporogenesis 
of 53 Themeda triandra Forssk. collections. The embryo sac 
development of T. triandra has been studied by Brown & 
Emery (1957, 1958), who found that a tetraploid from South 
Africa and an octoploid from India were 4-nucleate aposporic 
apomicts, and by Liebenberg (Liebenberg 1961, Liebenberg 
& Pienaar 1962), who studied a tetraploid and a diploid 
(included in this report as Williams 37 & 65). Whereas the 
embryo sac development of the tetraploid agreed with that 
found by Brown & Emery (op cit), the diploid proved to have 
a sexual embryo sac development of the normal 8-nucleate, 
Polygonum-type - according to the terminology of 
Maheshwari (1950 & 1963). 
These studies show that Themeda triandra forms an 
agamic complex. It was therefore decided to study the 
embryo sac development of all 53 collections previously 
studied, in order to gain more information on the extent of 
apomixis in this species in southern Africa. 
Materials and Methods 
The 53 plants reported on by Liebenberg (1986) were 
selected for this study. Inflorescences were collected from 
plants grown in a uniform nursery at Pretoria. The original 
localities of each collection as well as their chromosome 
numbers, are listed in Tables 1 and 2. Bisexual flowers from 
these inflorescences were fixed in Navashin (Stockholm 
modification) (Maheshwari 1939) and embedded in paraffin 
wax, using a tertiary buthyl alcohol schedule (Johansen 
1940). Sectioned slides were stained in Heidenhains 
haematoxyline and counterstained with orange G (Johansen 
1940). 
The number of embryo sacs scored for each collection are 
given in Tables 1 and 2. Due to the scarcity of material in 
some collections (only one out of seven flowers are bisexual) 
as well as the fact that many sections were useless as a result 
of the hardness of the bisexual flowers, only a few embryo 
sacs could be scored in some of the collections. 
Results 
The results of the embryo sac evaluations are given in Tables 
1 and 2. In general the results agree with previous findings. 
The diploids (2n = 20 = 2x), as well as the aneuploids at 
diploid level, all have sexual, 8-nucleate, Polygonum-type 
embryo sac developments with the customary increase in 
antipodal cells common to the Poaceae (Figure la-f). An 
interesting deviation from the normal situation encountered 
was the occurrence of multiple sexual embryo sacs in the 
same ovule. These multiple embryo sacs apparently develop 
from separate macrospore mother cells rather than from more 
than one macrospore of the same tetrad (Figure 2f). Since in 
some collections only a few ovules could be evaluated, the 
variation in this respect, between the different diploids 
studied, was difficult to quantify. However, the values 
obtained for the different diploid collections (Table 1) differ 
so much in some cases that there can be no doubt that actual 
differences do occur between the different diploid 
collections. 
Of the 19 diploids (and aneuploids at diploid level) studied, 
eight (Williams 24, 28A, 31, 60, 65, 76A, 91 & 246) 
contained only one embryo sac in all ovules scored (Williams 
19 is excluded since only two ovules could be evaluated). 
Williams 4 and 7 A may be included in this group although 
both also had ovules that contained degenerated remnants of 
embryo sacs (Table 1). Four diploids (Williams 2,10,11 & 
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Table 1 Embryo sac types found in the diploid collections of Themeda triandra 
Percentage of ovules containing: 
Collection sexual only 1 2 sexual 3+ sexual with 1-2 Number of 
no. embryo sexual embryo embryo apomictic embryo sacs 
Williams Locality** 2n sacs embryo sac sacs sacs embryo sacs evaluated 
2 Worcester 20 100.0 79.0 21.0 0.0 0.0 19 
4 Robertson 21 96.6* 96.6 0.0 0.0 0.0 28 
7A Malmesbury 20 78.6* 78.6 0.0 0.0 0.0 14 
10 Malmesbury 21 100.0 81.8 18.2 0.0 0.0 11 
11 CapeTown 20 100.0 93.4 6.6 0.0 0.0 15 
13 Somerset West 20 92.8 92.8 0.0 0.0 7.2 14 
18 Mossel Bay 204B 100.0 0.0 100.0 0.0 0.0 14 
19 George 20 100.0 100.0 0.0 0.0 0.0 2 
24 Bedford 206B 100.0 100.0 0.0 0.0 0.0 23 
28A Alexandria 20 100.0 100.0 0.0 0.0 0.0 15 
29 Bathurst 20 100.0 5.0 10.0 85.0 0.0 20 
31 Peddie 20 100.0 100.0 0.0 0.0 0.0 17 
60 Bergville 204B 100.0 100.0 0.0 0.0 0.0 12 
65 Middelburg c.P. 20 100.0 100.0 0.0 0.0 0.0 80 
70 Cradock 21 100.0 20.0 10.0 70.0 0.0 20 
76A Stellenbosch 20 100.0 100.0 0.0 0.0 0.0 15 
91 Christiana 20 100.0 100.0 0.0 0.0 0.0 16 
246 Richards Bay 20 100.0 100.0 0.0 0.0 0.0 23 
63/67 Naboomspruit 23 100.0 90.5 9.5 0.0 0.0 21 
*The remaining ovules of these two collections contained only degenerated remnents of the embryo sacs 
**The exact localities for these collections can be found in Liebenberg (1986) 
63167) exhibited a high proportion of ovules with one embryo 
sac and a low proportion with two. In one diploid (Williams 
18) all 14 ovules scored had two sexual embryo sacs per 
ovule. Two collections (Williams 29 & 70) exhibited three to 
four sexual embryo sacs per ovule in 85% and 70% of the 
ovules studied, respectively. 
In only one diploid (Williams 13 from Somerset West) was 
any trace of 4-nucleate aposporic embryo sacs found. This 
was encountered in only one of the 14 ovules studied. Neither 
aneuploidy (Williams 4,10,70 & 63167) nor B-chromosomes 
(Williams 18.24 & 60) appear to have any significant effect 
on the occurrence of multiple sexual or aposporic embryo 
sacs. The relatively low numbers of ovules evaluated per 
collection in this study, would however make it unlikely that 
such effects would have been noticed. 
Except for tetraploids (2n = 40 = 4x; Williams 32 & 34), 
in which only 8-nucleate sexual embryo sacs were 
encountered, all other polyploids were aposporic apomicts. 
The ovules which will eventually contain aposporic embryo 
sacs, initially develop a sexual, Polygonum-type embryo sac. 
This sexual embryo sac may develop to maturity and persist 
until fertilization occurs. More often, however, it degenerates 
and all traces of it has disappeared in the mature ovule 
(Figure 2a). During the early stages of ovule development 
one to seven (Figure 2e) apospore mother cells differentiate 
from nucellar cells (Figure 2a-e). These apospore mother 
cells undergo two mitotic divisions resulting in a 4-nucleate, 
monopolar aposporic embryo sac (Figure 2c-<1). These 
embryo sacs contain one egg cell, two synergids and one 
polar nucleus. No deviation from this was encountered. Due 
to the competition between the different aposporic and at 
times, sexual embryo sacs, the form of the 4-nucleate 
aposporic embryo sacs may vary considerably between 
different ovules. The sexual embryo sacs are easy to 
distinguish from the aposporic embryo sacs. They are bipolar, 
8-nucleate with a later increase in the number of antipodal 
cells (Figure If) which do not occur in the aposporic embryo 
sacs at all. Table 2 shows in what proportion of the ovules 
sexual embryo sacs occurred with or without aposporic 
embryo sacs. 
Some interesting variations of this general pattern were 
encountered amongst the aposporic polyploids. In the 
tetraploid, Williams 75, all the ovules contained normal 
sexual embryo sacs. In addition 21.7% of the ovules also 
contained one or more aposporic embryo sacs. Another 
tetraploid (Williams 38) possessed ovules containing only 
sexual embryo sacs in 61% of the ovules studied. The 
remaining ovules contained no sexual embryo sacs but three 
or more aposporic embryo sacs. Only a few other polyploid 
collections had high frequencies of ovules with only sexual 
embryo sacs (for example the tetraploids Williams 64. 261 
and to a lesser extent Williams A131 & 6519 and the 
hexaploids Williams 45 & 85). In all the remaining 
polyploids, less than 10% of the ovules studied contained 
only sexual embryo sacs. In two tetraploids (Williams 99Gr 
& 103), two pentaploids (Williams 84 & 99B1) and four of 
the hexaploids Williams 77. 81. 96 & 63171) no sexual 
embryo sacs occurred in any of the ovules evaluated. 
In some of the ovules the apomictic embryo sacs occurred 
clustered together, whereas in others they tend to be more 
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Table 2 Embryo sac types found in the polyploid collections of Themeda triandra 
Collection 
no. 
Williams Locality* 2n 
21 Stutterheim 42 
32 East London 40 
34 Barkley East 40 
37 Lady Grey 40 
38 Pietennaritzburg 40 
40 Zululand ? 40 
46A Estcourt 40 
54 Bergville 40 
64 Middelburg c.P. 40 
72 Graaff-Reinet 40 
73 Coles berg 40 
75 Woodhouse 40 
86 Bloemfontein 40 
88 Fauresmith 40 
90 Barkley West 40 
97 Weenen 40 
98 Ween en 40 
99Gr Magut 40 
103 Nelspruit 40 
A 131 Candover 42 
261 Piet Retief 40 
65/9 Sabie 404B 
78 Ennelo 50 
84 Zastron 50 
99BI Magut 50 
45 Pietennaritzburg 60 
77 Brits 60 
80 Rustenburg 60 
81 Reddersburg 60 
82 Mafekeng 59 
85 Aliwal North 60 
96 Kroonstad 60 
63/71 Naboomspruit 60 
Pta Pretoria 60 
sexual 
embryo 
sacs 
7.1 
100.0 
100.0 
7.0 
61.0 
4.2 
45.8 
8.3 
30.0 
5.6 
7.1 
100.0 
4.0 
4.3 
3.6 
37.5 
25.0 
0.0 
0.0 
28.6 
85.0 
19.0 
4.3 
0.0 
0.0 
35.0 
0.0 
4.3 
0.0 
12.0 
11.1 
0.0 
0.0 
8.7 
only I 
sexual 
embryo sac 
3.5 
100.0 
100.0 
7.6 
61.0 
0.0 
4.2 
0.0 
30.0 
5.6 
7.1 
78.3 
4.0 
0.0 
0.0 
0.0 
4.2 
0.0 
0.0 
17.9 
35.0 
19.0 
0.0 
0.0 
0.0 
25.0 
0.0 
4.3 
0.0 
4.0 
11.1 
0.0 
0.0 
0.0 
Percentage of ovules containing: 
1-2 3+ 
apomict apomict 
embryo sacs embryo sacs 
7.1 85.8 
0.0 0.0 
0.0 0.0 
20.0 80.0 
0.0 39.0 
18.2 81.8 
33.3 20.8 
4.2 87.5 
30.0 40.0 
5.6 88.9 
28.5 63.8 
0.0 0.0 
73.3 20.0 
34.8 60.9 
10.7 85.7 
6.3 56.3 
0.0 75.0 
11.5 88.5 
14.8 85.2 
32.1 39.3 
10.0 5.0 
57.1 23.8 
4.3 91.3 
4.0 96.0 
8.0 92.0 
10.0 55.0 
0.0 100.0 
34.8 60.7 
11.5 88.5 
4.0 84.0 
29.6 59.2 
4.5 95.5 
37.5 62.5 
39.1 52.2 
I aporni ct widespread 
+ sexual apomict 
embryo sac 
3.5 
0.0 
0.0 
0.0 
0.0 
4.2 
41.7 
8.3 
0.0 
0.0 
0.0 
21.7 
0.0 
4.3 
3.6 
37.5 
20.8 
0.0 
0.0 
10.7 
50.0 
0.0 
4.3 
0.0 
0.0 
10.0 
0.0 
0.0 
0.0 
8.0 
0.0 
0.0 
0.0 
8.7 
embryo sacs 
80 
80 
100 
90 
50 
100 
90 
20 
10 
o 
30 
30 
90 
20 
90 
20 
40 
o 
o 
20 
100 
20 
90 
10 
30 
70 
60 
50 
80 
50 
70 
90 
compactly Number of 
grouped embryo sacs 
embryo sacs 
20 
20 
o 
10 
50 
o 
10 
80 
90 
100 
70 
70 
10 
80 
10 
80 
60 
100 
100 
80 
o 
80 
10 
90 
70 
30 
40 
50 
20 
50 
30 
10 
evaluated 
28 
21 
19 
80 
18 
24 
24 
24 
20 
18 
14 
23 
15 
23 
28 
16 
24 
26 
27 
28 
20 
21 
23 
25 
25 
20 
17 
23 
26 
25 
27 
22 
24 
23 
*The exact localities for these collections can be found in Liebenberg (1986) 
spread through the nucellus. Data in this connection are listed 
in Table 2 as percentages. In two of the tetraploids and one 
pentaploid Williams 38,54 & 78) only dispersed embryo sacs 
were found. In three other tetraploids only a clustered 
grouping was encountered (Williams 75, 103 & Al31). The 
proportions for the remaining apomicts varied considerably 
between these two extremes. 
Discussion and Conclusions 
The results of this study further support the previous 
conclusions that Themeda triandra forms an agamic complex 
in southern Africa (Brown & Emery 1957, 1958; Liebenberg 
1961, 1986; Liebenberg & Pienaar 1962). This also agrees 
with similar findings of T. triandra and other Themeda 
species from the Indo-Australian region (Woodland 1964; 
Faruqi et al. 1975; Birari 1980). As is common to all such 
complexes (Stebbins 1950; Grant 1971; Lewis 1980) the 
diploids are usually sexual whereas the polyploids tend to be 
apomicts; in the case of Themeda aposporic apomicts. The 
pattern of the aposporic embryo sac development found, does 
not deviate significantly from that of previous reports. An 
interesting finding not previously reported in Themeda, is the 
occurrence of multiple sexual embryo sacs in the same 
nucellus. This phenomenon is however not unknown in other 
Angiosperm taxa (Maheshwari 1950, 1963; Bouman 1984). 
Since this study did not include post-fertilization flowers, it is 
not known what effect these multiple embryo sacs have on 
possible polyembryony nor whether the multiple embryo sacs 
remain separate or tend to fuse at a later stage. 
Considerable variation in the pattern and frequency of 
apospory was found. It is possible that this variation, as well 
as the multiple sexual embryo sacs, are determined by 
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Figure 1 Sexual embryo sac development in a diploid (Williams 65). (a) Macrospore mother cell, (b) tetrad stage with 3 degenerating 
macrospores, (c) 2-nucleate stage - note bipolar nuclear arrangement, (d) 4-nuc1eate stage, (e) 8-nuc1eate stage, (f) mature sexual 
Polygonum-typeembryo sac - note increase in number of antipodal cells. S = synergids,O = egg cell. 
environmental effects. The plants were collected over 
ecologically diverse habitats, but were grown in a uniform 
nursery in Pretoria. A marked effect on the general phenotype 
of the plants transplanted from the southern Cape Province 
was noticeable when plants in the nursery were compared 
with their herbarium specimens. Environmental effects on 
chromosome behaviour and in particular on apomictic 
embryo sac development has been reported previously 
(Heslop-Harrison 1959; Grazi et ai. 1961; Knox & Heslop-
Harrison 1963; Knox 1967; Evans & Knox 1969; Nogler 
1984). 
From the results of the embryo sac, cytogenetic and 
morphological studies, Themeda triandra in southern Africa, 
appears to be a comparatively young, actively evolving, 
agamic complex. Not only are there still many sexual diploids 
present in the complex, but amongst the polyploids - in 
particular many of the tetraploids - a relatively high degree 
of sexuality occurs. According to the terminology of Grant 
(1971) the Themeda triandra agamic complex can be 
classified, along with other agamic complexes such as 
Crepis, Rubus, Taraxacum, and Hieracium, as 'early mature' 
in its development. Two of the tetraploids were found to be 
entirely sexual. In younger agamic complexes, such as, 
amongst others, the Bouteloua curtipendula complex, the 
lower polyploids tend to be fully sexual (Grant 1971; 
Stebbins 1980). These two sexual tetraploids may be 
remnants of such an earlier stage of development in Themeda 
triandra. It is however difficult to determine the exact 
percentage of sexual seeds formed in the facultative 
apomicts, because of the fact that in many the sexual embryo 
sacs occur together with one or more apomictic embryo sacs 
in the same ovule. It is almost impossible to determine which 
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Figure 2 Aposporic embryo sac development in a tetraploid (Williams 37) and mUltiple sexual embryo sacs in a diploid. (a) Two 
apospore mother cells and remnants of sexual tetrad, (b) four I-nucleate aposporic embryo sacs in the same ovule, (c) two mature 
4-nucleated aposporic embryo sacs and one 2-nucleate stage aposporic embryo sac in the same ovule. (It is not possible to disting-
uish clearly between the synergids and egg cells in these embryo sacs due to the distorted character of the embryo sacs), (d) five 
aposporic embryo sacs in the same ovule, at different stages of development, (e) seven aposporic embryo sacs in the same ovule, 
(f) at least three separate sexual tetrads in the same diploid ovule (Williams 29) . 
would fonn the eventual effective embryos. In some 
collections, on the other hand, a fair amount of ovules 
occurred containing only a sexual embryo sac (Williams 38, 
45,64,75,85, Al31, 261 & 6519, see Table 2). These findings 
are born out by the fact that T. triandra is very variable 
morphologically in some localities where polyploidy occurs, 
whereas at other localities the morphology of the local plants 
are very uniform due to a high degree of apomixis. This is 
generally true of many of the higher polyploid populations 
(penta- and hexaploids). 
Acknowledgments 
The author wishes to thank the Department of Agriculture of 
the Republic of South Africa who made this study possible. 
S.Afr.J. Bot., 1990,56(5) 
References 
BIRARI, S.P. 1980. Apomixis and sexuality in Themeda Forssk. at 
different ploidy levels (Gramineae). Genetica 54: 133-139. 
BOUMAN, F. 1984. The ovule. In: Embryology of Angiosperms, 
ed. Johri, B.M., Springer-Verlag, Berlin. 
BROWN, W.P. & EMERY, W.H.P. 1957. Apomixis in the 
Gramineae, Tribe Andropogoneae: Themeda triandra and 
Bothriochloa ischaemum. Bot. Gaz. 118: 266-253. 
BROWN, W.F. & EMERY, W.H.P. 1958. Apomixis in the 
Gramineae: Panicoideae. Am. 1. Bot. 45: 253-263. 
EVANS, L.T. & KNOX, R.B. 1969. Environmental control of 
reproduction in Themeda australis. Austral.!. Bot. 17: 375-389. 
FARUQI, S.A., AFRIDI, S.A. & HAROON USMANI, S.M. 1975. 
Apomixis and polyembryony in some Andropogoneae from 
Paklstan.Pakist.l. Bot. 7: 135-138. 
GRANT, V. 1971. Plant speciation. Columbia University Press, 
New York. 
GRAZI, F., UMAERUS, M. & AKERBERG, E. 1961. 
Observations on the mode of reproduction and the embryology 
of Poa pratensis. Am. 1. Bot. 47: 489-54l. 
HESLOP-HARRISON,J. 1959. Apomixis, environment and 
adaptation. IX Inter. Bot. Congr., Montreal: 891-895. 
JOHANSEN. D.A. 1940. Plant microtechnique. McGraw-Hill, New 
York. 
KNOX, R.B. 1967. Apomixis: Seasonal and population differences 
in a grass. Science 157: 325-326. 
KNOX, R.B. & HESLOP-HARRISON,J. 1963. Experimental 
control of aposporous apomixis in a grass of the 
Andropogoneae. Bot. Notiser 116: 127-14l. 
LEWIS, W.H. 1980. Polyploidy, biological relevance. Plenum 
Press. 
LIEBENBERG,H. 1961. Apomiksieby Eragrostisen Themeda. 
MSc.-tesis, Univ. van Stellenbosch. 
LIEBENBERG, H. 1986. Cytotaxonomic studies in Themeda 
triandra. I. Chromosome numbers and microsporogenesis.S. 
Afr.l. Bot. 52: 413-420. 
559 
LIEBENBERG,H. & PIENAAR, R. DE V. 1962. Apomiksie by 
Eragrostisen Themeda. Proceedings of the 2nd Congress of the 
South African Genetic Society: 150-153. 
MAHESHWARI, P. 1939. Recent advances in microtechnique. II. 
The paraffin method. Cytologia: 251-281. 
MAHESHWARI, P. 1950. An introduction to the embryology of 
Angiosperms. McGraw-Hill, New York. 
MAHESHWARI, P. 1963. Recent advances in the embryology of 
Angiosperms. International Society of Plant Morphologists, 
Univ.ofDelhi. 
NOGLER, G .A. 1984. Gametophytic apomixis. In: Embryology of 
Angiosperms, ed. Johri, B.M., Springer-Verlag, Berlin. 
STEBBINS, G.L. 1950. Variation and evolution in plants. 
Columbia University Press, New York. 
STEBBINS, G.L. 1980. Polyploidy in plants: Unsolved problems 
and prospects. In: Polyploidy: Biological relevance, ed. Lewis, 
W.H., Plenum Press, New York. 
WOODLAND, P.S. 1964. The floral morphology and embryology 
of Themeda australis (R.Br.) Stapf. Aust. 1. Bot.: 157-172. 
